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ABSTRACT 



A display management architecture detects changes in a 
display environment and notifies software programs, such as 
the operating system and applications programs, of the 
changes to enable them to adjust accordingly. The display 
management system comprises one part of the computer's 
operating system, and includes a display manager that 
provides communication channels between the operating 
system, other software programs, display drivers and video 
drivers. The display manager receives information from the 
drivers regarding the display capabilities of associated dis- 
play devices* and provides reconfiguration services to other 
software within the computer. When a change in the display 
environment occurs, the display manager notifies the soft- 
ware programs of the changes, to enable them to dynami- 
cally update or reconfigure the displayed information 
accordingly. If a program is not able to respond to such a 
notification, the display manager repositions displayed 
objects in accordance with the new display environment All 
of these actions take place in a real-time fashion while the 
computer is running, and avoid the need- to restart the 
computer before any changes can take effect. 

55 Claims, 6 Drawing Sheets 
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SYSTEM POR DYNAMICALLY the display might be changed, which can result in a need to 

ACCOMMODATING CHANGES IN DISPLAY scale the parameters of displayed objects accordingly. 

CONFIGURATION BY NOTIFYING in geoera]> ^ m 8 oumber 0 f different scenarios which 

CHANGES TO CURRENTLY RUNNING resu it in a change of the display environment Examples of 

APPLICATION PROGRAMS TO GENERATE 5 such are te addition OT removal of a monitor type 

_ E^RMATTON BY APPLICATION of display device, movement of one or more monitors in a 

PROGRAMS TO CONFORM TO CHANGED multiple-monitor environment to change their positions rela- 

CONFIGURATTON tfve to one another, changing the size and/or resolution of a 

pun n npnrn luvExmnu display device, changing the origin of a global coordinate 

FIELD OF THE INVENTION 10 space wilhin which ^ £ e AeSn ^ ^ 

The present invention is directed to computer display in which two or more display devices are caused to have the 

architecture, and more particularly to a system for control- same information displayed on them. Bach time any of these 

ling the display of information to dynamically accommodate types of changes occurs, the software programs ru nnin g on 

changes in the configuration of a computer system. the computer must be notified, so that they are able to 

15 implement a corresponding change in the maimer in which 

BACKGROUND OF THE INVENTION they display objects and other information. 

As computers become more prevalent, particularly per- In the past, changes in configuration of the display device, 
sonal type computers, users are employing them in a variety and the need to accommodate therefore, were only detected 
of situations. Depending upon the particular situation, the upon startup of the computer. If a change in display con- 
user may change the configuration of one or more display 20 figuration occurred while the computer was running, it 
devices connected to the computer. For example, portable would not become effective until the user restarted the 
computers of the so-called laptop or notebook type have computer. While io some situations the user might turn off 
become increasingly popular because of their small size and the computer before changing display configurations, for 
light weight making them suitable for use while travelling. example when adding a monitor, this is not always the case. 
Due to the need to keep their dimensions to a minimum, the 25 In particular, many portable computers offer a "sleep" mode 
display screens built into such computers are relatively small of operation, to conserve battery power. In this mode, the 
in size, and may offer only limited display capabilities. computer's central processing unit is maintained in a inini- 
Therefore, when using one of these types of computers in an mal operating state to keep software programs running in 
office environment, the user may connect it to a monitor memory, but other power consuming devices such as dis- 
having a larger display area and enhanced display capabili- plays and disk drives are turned off. It is not uncommon that 
ties. Such a connection might be made, for example, by a user might place a portable computer in the sleep mode 
means of a docking station which enables the portable before removing it from a docking station, for example. In 
computer to be conveniently connected to a variety of such a case, when the computer is reactivated after being 
peripheral devices. In this situation, the computer's built-in 5 removed from the docking station, it will not be aware of the 
display screen may not be available and only the external changed display configuration and therefore may not func- 
monitor is used. tion properly. In particular, display devices that were being 
- Subsequently, the user might remove the computer from controlled by various programs may no longer be present As 
the docking station, far example to take it home or use it f result, the user is forced to undergo the time-consuming 
while travelling. In this situation, the external monitor is no ^ inconvenience of having to restart the computer and 
longer present and the built-in display screen must be used. relaunch the programs that were running, in order to apprise 
In other words, the computer must route all information to the programs of the new configuration, 
be displayed to the built-in screen, rather than the part to 

which the external monitor was connected. In addition, the SUMMARY OF THE INVENTION 
displayed information must be reformatted, or otherwise 45 r is desirable, therefore, to provide a display system in 
processed, to accommodate the display parameters of the which changes io display configuration can be dynamically 
built-in device. accommodated while a computer is running, and thereby 
Further in this regard, the user might establish different forego the need to restart the computer and relaunch pro- 
preferences for various situations. For example, in the office grams before a configuration change can take effect. In 
the user may have one type of external monitor that is 50 accordance with the present invention, this objective is 
located at a certain position relative to the built-in screen of achieved by means of a display management architecture 
the portable computer. At home, a different type of external that detects changes in display configuration and notifies 
monitor may be used, and it might be located at a different software programs, such as the operating system and appli- 
positioa relative to the placement of the portable computer. cations programs, of the changes to enable them to adjust 
Each of these situations represents a different display envi- 55 accordingly. 

ronment If a consistent display of information is to be The display management architecture of the present 
provided to the user xn each of these environments, the invention includes a display manager that comprises one 
computer must reconfigure the displayed information in part of the computer's operating system This display man- 
accordance with the user's preferences for the particular ager provides communication channels between the operat- 
environment 60 ing system, other software programs, display drivers and 
As another example of changing display environments, a video drivers. The display manager continually receives 
number of monitors are capable of accepting a wide range of information from the drivers regarding the display capabili- 
display resolutions. Examples of such monitors include ties of associated display devices, and provides reconfigu- 
those which have multiple synchronization capabilities. ration services to other software within the computer. When 
With these types of monitors, the user is provided with the 65 a change in the display environment occurs, the display 
ability to reconfigure the monitor by changing its display manager notifies the software programs of the changes, to 
mode. In other situations, the physical size or resolution of enable them to dynamically update or reconfigure the dis- 
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played information accordingly. If a program is not able to displays", are capable of providing information about their 

respond to such a notification, the display manager reposi- modes of operation directly, for example in response to 

tions displayed objects in accordance with the new display inquiries. For these types of displays, the display manager 

environment All of these actions take place in a real-time 22 communicates with the display device, by means of the 

fashion while the computer is running, and avoid the need to 5 display driver 13, over a communication channel 24. This 

restart the computer before any changes can take effect communication channel could be a bus within the computer, 

Further features and advantages of the invention are a serial 01 anv other suitable path for exchanging 

explained in detail hereinafter with reference to specific information between the display manager and the display 

embodiments described with reference to the accompanying driver 13 of the display device, 

drawings. 10 In some cases the display device may not be able to 

communicate its capabilities directly. However, through the 

BRIEF DESCRIPTION OF THE DRAWINGS use of a look-up table or the like, the display driver 13 can 

FIG. 1 is a block diagram of an overall display system obtain information regarding the display's capabilities and 

architecture in accordance with the present invention; |S P rovide lhcm to thc 

FIGS. 2A-2D illustrate examples of changes in a display u 0tner of d< * ices ^ oyi6& information 

by means of a sense code transmitted over a line 26 

environment; 

, , .. , connected between the device and the video card 14. In 

FIG. 3 is a Mock diagram of the stmcture of a display essencei ^ SMSe code fa determined by caaiB ^ which 

change notation provided by the display manager; m gfvmM 0f connected t0 one mrther ^ ^ device> , 0 

FIGS. 4A and 4B illustrate examples of display configu- 20 indicate its specifications. This sense code is passed on to the 

rations before and after a display device is removed from the display manager 22 from the video card 14. In response to 

computer system; and the information received about the display's specification 

FIGS. SA-nSG illustrate the process of replacing one and capabilities, the display manager issues a command to 

display device with another, in which a virtual device is used the video card, through the video driver software 16, to drive 

in the interim, 25 the display device accordingly. ~~ 

The display manager also communicates with other parts 
of the operating system 18 and the other software programs 
The present invention is directed to an architecture for 20 that are running on the computer. For example, in 
detennining display capabilities within a computer system 30 response to operator commands, the operating system can 
and dynamically configuring display devices in accordance instruct the display manager to add a new device to a list of 
with those capabilities. A block diagram of the overall active displays, or remove a device therefrom, In response 
architecture is illustrated in FIG. 1. Referring thereto > hard- thereto, the display manager informs the application pro- 
ware components of the computer system are illustrated grams 20 of the new display configurations, to enable them 
above a dashed line 10, and software components below the 35 to update their displayed information accordingly, 
line. The system can include one or more display devices 12, The display manager can accommodate a variety of 
e.g. monitors or LCD screens, although actual display different changes to the display environment, and dynami- 
devices need not be present in order for the present invention cally reconfigures the system accordingly. The types of 
to operate properly. E ach display device is connected to, and changes that can occur in the display environment are 
controlled by, a video card 14 which operates in accordance 40 explained with reference to FIGS. 2A-2D. Generally 
with video driver software 16. Although depicted as being speaking, the display environment can be considered to be 
on a separate card, or printed circuit board, the components defined by a global coordinate space 30. Objects and other 
of the video card could be incorporated with other compo- information to be displayed can be positioned anywhere 
nents on a single card, such as a motherboard for the within this space, as determined by the user and/or the 
computer. 43 software program that generates the information. A refer- 
One or more software programs, such as application ence point in this space. e.g, its origin or 0,0 coordinate 
programs 20, generate information to be displayed on the point, is usually established with reference to some object 
display devices. Examples of such information include text, that is always present in the display. For instance, most 
windows and other graphical objects, and command struc- graphical user interfaces include some type of menu bar or 
tares such as menus and dialog boxes. This information is 50 other structure which enables the user to access basic 
presented to the display device through the computer's commands to control the computer. The device which dis- 
op era ting system 18, which also generates its own informs- plays this menu bar is known as the main device. If the 
tton to be presented on the display. More particularly, the computer system contains multiple display devices, only one 
operating system communicates with the display device of the devices is designated as the main device, even if 
through an associated display driver 13, which is a software 55 multiple devices contain the menu bar. 
component that corresponds to the hardware of the display The origin of the coordinate display space is typically 
device 12. established with reference to the menu bar. For example, as 
In accordance with the present invention, the operating shown io FIG. 2A, the 0,0 point 38 in the coordinate space 
system includes a display manager 22 which provides com- can coincide with the top left corner of a menu bar 36. The 
rauni cation between each of the software components, to 60 positions of all objects and c4her information to be displayed 
dynamically configure the display devices 12. The commu- in the display space 30 are defined by their coordinates 
ni cation between the various software components and the within this space. The operating system receives this coor- 
hardware devices takes place via their associated drivers, dinate information, for example from the software programs 
e.g. the video driver and the display driver. In this regard, 20 which generate the information, and provides it to the 
many video displays have the capability to provide infor- 65 display driver to cause the information to appear at the 
mation regarding their available modes of operation and/or appropriate place on the screen of the display device located 
timing specifications. Some displays, so-called "smart at the corresponding position in the display space. 
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Referring to FIG. 2A, for example, the display environ- example, the size of the display area, pixel size, operating 

ment consists erf two display devices, 32 and 34, within the mode, and its position within the global display space. If a 

global display space 30. A menu bar 36 is displayed at the display device is removed, the new descriptor is a null value, 

top of the screento the device 32, which is therefore, the This notification is provided by the display rnanaglT 

niain oevice. Acco^^ 5 whenever a change in display configuration is detected, 

ooincides with the top left comer of the device 32. As Such a change might occur as a result of a user action, for 

illustrated in FIG. 2A, the user has caused some objects, e.g. example, where a user explicitly issues commands to add. 

/ ^^i 40 , to b<oisplayed on the device 32, and another rem ove or change operating modes of display devices, 

object 42 to be displayed on the device 34. Alternatively, it inaToccur automatically as a result of 

FIG. 2B represents the situation in which the device 32 to detecting the connection or disconnection of a device from 

has been removed from the computer's configuration, as jhe computer, for example upon insertion into or removal 

depicted by the shaded area. In this case, the device 34 from a aocidng station, or the pivoting of a monitor from a 

becomes the main device, since it is the only remaining portrait position to a landscape position. „ 

device. Accordingly, the origin 38 of the display space 30 In response to the notification of the old and new states, 

shifts to coincide with the top left corner of mis device, as " each software program receiving such notice updates its 

indicated by the dashed lines and arrows. The information displayed information while it is running. For example, the 

mat is presented to the display driver for this device must be program might resize or reposition windows so that they fit 

revised so that the menu bar is displayed thereon. Because within the display area. 

of this shift, the object 42 has moved off screen, since its ^ order t0 respond to a notification identi . 

locabon in the display space is no longer occupied by an ^ ^ ^/^^^ a saftware ^ 

existing device Accordingly, *e program which generated need ^ fonc L, W which enabL * to 

ttns object must be properly informed, so that the object can receive and ^ information in the notification. It 

tereposmonedv^ may * me F C ase, however, that some programs will not 

possess this functionality. In such a case, the display man- 

Another type of change in the display environment is ager ensures compatibility of these programs with the 

depicted in FIGS. 2C and 2D. In the example of FIG. 2C, the change in display configuration. 

display enrollment consists of three monitors, a full-page Sucn ronvatibili ty is achieved by ensuring that all dis- 

monitor 44 and two monitors 46 and 48, each played objects mat werc & h d ^ thc old ^g^^ 

Sr*T ^ 30 « <*>*™ ^d other objects in a graphi^ user 

The full-page monitor 44 is the main device, and has thc inter/ ace, are also displayed in the new configuration. When 

menu bar 36 displayed thereon. If the user repositions thc a caU is ^ to ^ ^ t0 ^ mc ^ { 

me monitors 44 and 46, the relative arrangement of the state of the display. With reference to FIG. 2A, for example, 

displayed objects wUlte alt^d within the global display ^ ^ m „ te ^ of ' eacb ™^ 

space^ass^ 35 ^y^g 32 and 34 within the global display space 30, as well 

^nJ2K«-^ ae asmepositionof memenub^36^^ 

kftmost luomtcr as in&e previous configuraUon. To return interest Thereafter, the display manager rearranges the 

U^nubytothele^stmonitor.med Qn ' cc ^ *J confi ^ atioQ h * been 

to become the mam device. ^ established, as shown in FIG. 2B, the display manager 

Other types of changes in the display environment can determines whether any objects which were previously 

include (i) a change in the size and/or aspect ratio of the on-screen are now off-screen, such as the object 42. In 

display devices, (ii) movement of the menu bar 36 from one response to such a determination, the display manager 

display device to another, resulting in a shift of the origin for causes the object to be repositioned on-screen. This can be 

the global display space relative to the devices, and (iii) a 4J done by means of a command to the software program which 

change in resolution of a display device necessitating a generated the object 

scaling of the sizes of objects displayed on that device. jj, aeterniining where to position an object that has been 

In the system of the present invention, the display man- left off-screen, the display manager can choose from among 

ager responds to a change in the display environment by a number of alternatives. For example, if the device on 

informing the operating system 18 of the change while the 50 which the object was displayed in the old configuration still 

computer is still running. Similarly, the display manager exists in the new environment the object can be moved so 

informs the applications programs 20 and other appropriate that it is located in the same position on the screen of that 

software programs of the change in display configuration, so device. Alternatively, the display manager can determine the 

that they can dynamically adjust the displayed information closest available device to the off-screen object, and move 

in accordance with the new configuration. 35 thc object so that it appears on that device. 

[The information that is provided to the operating system In carrying out this function, it is not necessary that the 

and other software programs by the display manager, in objects be displayed in the new configuration in precisely 

response to a change in configuration, comprises a list of the same manner as they were in the old configuration. For 

pairs of display state descriptors. An example of a structure example, the old configuration may comprise two display 

for a display notification is illustrated in FIG. 3. Referring 60 devices, as shown in FIG. 4A. A menu bar 36 is displayed 

thereto, the display manager sends a pair of display state on the main device 32, and various windows 40, 42 appear 

descriptors for each display device. Each pair comprise an on each of the two screens for the display devices, 

old state descriptor and a new state descriptor. If a display In the new configuration, shown in FIG. 4B, the display 

device is added to the system, the old state descriptor has a device 34 has been removed. In this case, it is necessary to 

null value and the new state descriptor contains information 65 move its displayed objects, namely the windows 42, to the 

describing the characteristics and operating parameters of remaining device 32. Far small objects, it may be appropri- 

the display device. Such information might include, for ate to move them in their entirety to the screen of the 
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remaining device. They can be placed in a suitable default physical device which can serve as the main device. In such 

location, for example along the right edge of the display a situation, the display manager installs a virtual device and 

under any existing objects. For larger objects, such as establishes it as the main device. This operation is depicted 

windows, however, the display may become too duttered if FIGS. 5A-5G. In each of these figures, the left side 

an attempt is made to place them entirely within its area. In 3 illustrates two device lists, an active list and a removed list, 

this regard, it is not necessary to display an entire window and ^ ridc of mc fi S urc ^P"^ displays which arc 

to provide the user with access to the window's function- ™ * c »?*e Ust In me oevice hst, a particular memory 

ahry. Rather, the user only needs access to a limited portion oca * OD * ^^J 2 ' ^JP^Tl 

of me window in order to control it. For most window! this loeahon are represented by a letter withm the Mock, 

critical portion is a tide bar SO, which typically resides along 10 . FIG. 5A depictsthe situation that exists before the change 

one edge of the window, normally the top. As long as the 1D configuration The device Ust contains one item, lo. the 

user can "grab" the title bar, for example with a cursor, he identification of the current main device, and the removed 

is able to position the window at any location within the ^ 15 W>™ the last remaining device is disabled, a 

display area, to view its contents and control its functions. dummy or virtual device is created and added to the device 

.1. . , .,. . . , . , . . . i c list, as shown in FIG. SB, This procedure ensures that there 

Therefore, when repositioning objects which would oth- 15 ^ ^ ^ ^ ^ (cd 

erwise end up off the screen due to the ^removd or reposi- ^ ^ M 0oce ^ virtual device has been 

ooning of a display device only the cnooU [portion of each CTeated ^ ^ completes the process of dis- 

object, Le. that portion whose access enables the user to ^ rej / deYice< As e shoWQ m jjjq sc ^ ^ 

control the object s funouon is displayed within thenew ^ rf $w ^ Qf 

configurahon. This aspect of the invenhon is lUustrated in *> or ^ Namely, the identification of the former 

HQ. 4B, where only a portion of the tide bar for each of the ^ £ ^ mat of mc aew ^ch, 

Tt™<d "a? ^ on scrccn rcnmmD8 in ^ is ** ^ device - As a result 1116 

display device 32. identifications point to different display devices, and the 

If the main device is removed from the display device reference continues to point to the current main 

enviroiiment,foealsplaynian^ device, which is now the virtual device. As explained 

a remaining display device, which becomes the main device, previously, this feature allows programs that cache the main 

as shown in the example of FIGS. 2A and 2B. In the event fovict t0 coa tinue to work properly. More particularly, any 

that the size of the main device in the new configuration is program's stored reference to the main device object is still 

different from that of the old configuration, the display rximting to me current main device. After the contents of the 

manager calculates a new size for each application's menu devicc handles have been swapped, the device correspond- 

bar, and moves the window or other data structure contain- ing t0 mc fon^ ma in display is removed from the device 

ing the menu bar onto the new main device. To accomplish Ust ^ placcd in mc rcmovcd ^ ^ snown in FIG. 5D. 

this function, the display manager switches into the dis- Subsequently, a new real display is added to the configu- 

played content of each application, and examines the menu ratkm ^ $ituation b depicted k nQ ^ At this ^ thc 

bar. The menu bar is then redrawn, e.g. scaled, to fit into the vimjai device [$ stQJ pKS&RU iQ CDSUre mat a , lcast onc ac(ivc 

new display space. display is present at all times. Once the real display has been 

In operation, some applications and other programs may eoabted, for example in response to a user action, the display 

cache a reference to the main device object, i.e. obtain the manager swaps the identifications of thc new display device 

address of the main device object one time and store that ^ the virtual display device, as shown in FIG. 5F. This 

address for future use. If a new device becomes the main causes the menu bar to be moved to the new, real display, 

device in this type of situation, these types of programs will Thereafter, the virtual display is disabled by removing it 

attempt to direct display information to a device that may no from the display list, leaving only the new main display, as 

longer exist To avoid such a dilemma when another device shown in FIG. 5G. 

becomes the main device, it is preferable to exchange the ^ jf a uscr has multiple display configurations which are 

contents of the two objects for the former and current main regularly employed, the display manager can store informa- 
devices, so that references to the main device object con-. tion about eacn m $ use ^ information to automatically 

rinue to properly refer to the current main devicc. With this configure the environment as appropriate. For example, a 

approach, the cached reference to the main device object user might have one display configuration that is employed 

remains valid, even though its contents have been changed ^ at mc and a different one at home. Hie display 

to identify the new main device. manager can store user preferences for each of these 

In the course of changing display configurations, it may configurations, such as the locations of the displays and their 

be the case that the last display device is removed. This bit depths, as well as the designated main display device, 

situation can occur, for example, after one monitor has been Based on sensed hardware configurations and/or environ- 

unplugged and before a new monitor is plugged in. In 55 mental indicators, such as network identifiers or user- 

another situation, the user might close the lid on a portable specified location, the display manager can automatically 

computer, thereby effectively removing the built-in display retrieve the information retaining to that environment and 

from the display environment. In a preferred implementation configure the display devices accordingly, 

of the invention, the display manager can detect the removal Other features are also available with the display manager, 

of a device from the display environment For example, as $o For example, it can provide mirroring of two or more display 

the lid of a portable computer is closed or a monitor cable devices. When two display devices are mirrored to one 

is disconnected, a switch can provide a signal to the display another, they both display the same information. With the 

manager. In response thereto, the display manager deacti- architecture of the present invention, where all display 

vates the display by removing it from the active device list, devices communicate with the display manager, the same 

and dynamically reconfigures the environment accordingly. information can be sent to any two or more such devices via 

In either of these cases, if the removed device was the the display manager, to provide the imrroring function. This 

only display device connected to the computer, there is no can be done, far example, by resizing the two devices to be 
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the same size, and laying one on top of the other in the global 
display space. Alternatively, if frame buffers are employed 
to store the displayed information, two or more devices can 
be directed to share the same frame buffet. . 

As another feature, the display manager can provide 
management of displays in accordance with interdependent 
factors. For example, some displays having certain timing 
specifications may only provide certain bit-depth 
capabilities, i.e. they may have a limited number of available 
colors. Whenever a display of this type is added to the 
environment, the display manager can select the most appro- 
priate operating mode or bit depth and communicate that 
information to the video driver and/or. the device driver In 
another instance, two or more devices may share a common 
frame buffer. If the operating mode of one of the devices is 
changed, it may have an impact on the operation of the other 
device, for example in terms of the mount of memory 
available to that other device. Id response thereto, the 
display manager can alter the operating mode of the other 
device to be commensurate with the changed conditions. 

The display manager can also be used to control specific 
hardware-oriented features of a display through a software 
interface. For example, the user can employ the display 
manager to adjust the geometry of a display, the position of 
the image or other features typically found on a display 
device, such as brightness and contrast 

from the foregoing, it can be seen that the present 
invention provides a hardware-independent communication 
channel between all of the components of a computer that 
participate in the display of information, namely the display 
drivers, video drivers, operating system software and appli- 
cations programs. This architecture provides a mechanism 
by which the displayed information can be dynamically 
updated to accommodate changes in the configuration of the 
display, without requiring a restart of the computer. 

It will be appreciated by those of ordinary skill in the art 
that the present invention can be embodied in various forms 
without departing from the spirit or essential characteristics 
thereof. The foregoing description is intended to be illus- 
trative rather than restrictive. The scope of the invention is 
defined by the following claims, rather than the foregoing 
description, and all changes within the meaning and range of 
equivalents thereof are intended to be embraced therein. 

What is claimed is: 

1. In a computer, a system for controlling the display of 
information generated by application programs running on 
the computer, comprising: 

means for determining the configuration of a display 
environment for the computer; 

means for detecting a change in said configuration and, in 
response thereto, for determining differences between 
the original configuration and the changed configura- 
tion; 

means responsive to said differences for identifying infor- 
mation whose display is affected by said differences; 
and 

means for communicating the changed configuration to 
said application programs while said programs are 
running on the computer, to cause information gener- 
ated by said applications programs which are affected 
by said differences to be displayed in the changed 
configuration without requiring a restart of the com- 
puter. 

2. The system of claim 1 wherein the communication to 
the application programs includes identification of the origi- 
nal configuration and the changed configuration. 
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3. The system of claim 1 wherein said identifying means 
determines whether information displayed in the original 
configuration will be displayed in the new configuration, and 
said communication means communicates the changed con- 

5 figuration to application programs whose displayed infor- 
mation is affected by said differences, to cause said appli- 
cation programs to reposition information to ensure that it 
will be displayed in the new configuration. 

4. The system of claim 3 wherein said identifying means 
to determines the position of information in a display space 

relative to the location of a display device, and said appli- 
cation programs reposition information within said display 
space so that it coincides with the location of a display 
device. 

15 5. A method for controlling the display of information in 
a computer system, comprising the steps of: 
generating a request to change the display environment 

for the computer system; 
storing the current state of displayed information; 
20 identifying information that is displayed on a display 
device in the stored current state; 
determining a new configuration far the display environ- 
ment; 

determining the location of at least one display device in 

the new configuration; 
providing information to one or more application pro- 
grams running on the computer of the change in 
configuration of the display environment to enable said 
^ application programs to adjust displayed information 
generated by said application programs to conform to 
the new configuration while said programs are running 
on the computer system; and 
repositioning displayed information to conform to the 
35 new configuration by moving at least some of said 
identified information to the location of said display 
device in the new configuration. 
6. The method of claim 5 further including the steps of 
detecting whether any of said identified information is 
w 1 oca ted off-screen with respect to a display device in the new 
configuration, and moving such information, relative to 
other displayed information, to position at least a portion of 
such information on-screen with respect to the display 
device. 

45 7. The method of claim 6 wherein the moved information 
includes a critical portion that provides user access to said 
information and a non-critical portion, and wherein said 
moving step comprises the step of positioning at least said 
critical portion within the display area of said display device 

50 while leaving at least part of the non-critical portion of the 
information outside of said display area. 

8. The method of claim 5 further including the steps of: 
detecting the absence of any physical display device being 

active on said computer system; 
55 creating an identification for a virtual display device and 

assigning at least some of the displayed information to 

said virtual device; 
subsequently detecting the activation of a physical display 

device on said computer system; and 
60 reassigning said displayed information from the virtual 

display device to the activated display device. 

9. The method of claim 8 wherein the displayed informa- 
tion that is assigned to said virtual display device includes 
command information that provides control over at least 

65 some of the functions of said computer system. 

10. The method of claim 9 wherein said command infor- 
mation comprises a menu bar of user-accessible commands. 
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11. The system of claim 4 wherein said repositioned 22. The compater system of claim 20 wherein said 
information contains a critical portion and a non-critical configuration changes further include the addition of a 
portion, and said information is repositioned such that said display device. 

critical portion coincides with the location of a display 23. The computer system of claim 19 wherein said display 

device and at least some of said non-critical portion is 5 manager is responsive to the removal of a display device to 

outside the location of the display device, at least sam& of ^ mforrnation displayed on the 

12. The system of claim 1 further including: removed display device to be displayed on another display 

. , , device connected to the computer system. 

means for stonng information describing each of a plu- ^ Thc ^mpuM system of claim 23 wherein said 

rality of display configurations; information that is displayed on another display device 

means for determining that one or more display devices 10 includes a critical control dement that is necessary for thc 

connected to said computer conform to one of said operation of the computer system, 

configurations ; and 25. The computer system of claim 24 wherein said critical 

means for providing said communicating means with the control element is a menu bar. 

stored information pertaining to said one configuration, , , 26 • The computer system of claim 17 wherein said display 

to thereby cause -displayed information to conform to 15 manager is responsive to the connectton of pural displaysto 

said one configuration. mc computer system to cause the same information to be 

13. The system of claim 12 wherein said determining ***** 0D each t of ^ P^^l <UspUys. 

- " . ... & 27. The computer system of claim 17 wherein a notifica- 

means senses hardware configuraUons of said one or more {iQQ romprisc 7 ^ identification of the original display 

display devices. t> 20 configuration and the changed display configuration. 

14. The system of claim 12 wherein said determining 2g Thc coraputcr systciu of claira 17 whcrcin said 
means is responsive to an environmental indicator to deter- configuration changcs comprisc change m th c si2c 0 f a 
mine whether said one or more display devices conform to display device 

one of jiaid configurations. * ' 29. The computer system of claim 17 wherein said 

15. The system of claim 14 wherein said environmental 25 configuration changcs comprisc movcmcnt 0 f a displayed 
indicator is a network identifier. . control element that is critical to the operation of the 

16. The system of claim 14 wherein said environmental tcr from onc to another display device, 
wdicator is a command generated by a user of the computer. 30 Thc system of clairn 29 wherein said display 

17. A computer system, comprising: managCf defines ft $?ac ^ aQd determines a 
at least one display device for displaying information 30 reference location in said global display space on the basis 

processed within the computer system; and 0 f m e display device on which said control element is 

an operating system for receiving information generated displayed, 

by application programs running on said computer 31. The computer system of claim 29 wherein said display 

system and providing said information to said display manager stores an identification of the display device on 

device for display thereof, said operating system 35 which said control element is displayed at a predetermined 

including a display manager which is responsive to location in a memory, and changes the identification stored 

changes in configuration of said display device to at said predetermined location to identify the display device 

provide a notification of such changes to application to which the control element is moved, to thereby maintain 

programs running on said computer to cause said a constant reference location for the identification of the 

information generated by said application programs to 40 display device on which said control element is displayed, 

conform to the changed configuration. 32. The computer system of claim 17 wherein said 

18. The computer system of claim 17 wherein said configuration changes comprise changes in the resolution of 
configuration changes comprise changes in the physical a display device. 

arrangement of plural display devices. 33. The computer system of claira 17 further including a 

19. The computer system of claim 17 wherein said display 45 display driver software program that is associated with said 
manager defines a global display space, and notifies appli- display device, for providing information to said display 
cation programs of physical locations of display devices manager regarding the configuration of the display device, 
within said global display space. 34. The computer system of claim 33 wherein said display 

20. Thc computer system of claim 17 wherein said driver communicates with said display manager over a path 
configuration changes comprise the removal of a display 50 which is independent of a path via which said operating 
device connected to the computer system. system provides information to be displayed to said display 

21. The computer system of claim 20 wherein said display device. 

manager detects whether a removed display device is the 35. The computer system of claim 33 wherein said display 

only active display device connected to the computer driver receives said configuration information directly from 

system, and includes means for creating a virtual display 55 said display device, 
device if the removed display device was the only active 

display device. * * * * * 
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